Introduction Xylitol (or 'birch sugar') is a naturally occurring sugar with antibacterial properties that has been used as a natural non-sugar sweetener in chewing gums, confectionery, toothpaste and medicines. In this preventative randomised trial, xylitol will be tested for the prevention of acute otitis media (AOM), a common and costly condition in young children. The primary outcome will be the incidence of AOM. Secondary outcomes will include upper respiratory tract infections (URTIs) and dental caries. Methods and analysis This study will be a pragmatic, blinded (participant and parents, practitioners and analyst), two-armed superiority, placebo-controlled randomised trial with 1:1 allocation, stratified by clinical site. The trial will be conducted in the 11 primary care group practices participating in the TARGet Kids! research network in Canada. Eligible participants between the ages of 2-4 years will be randomly assigned to the intervention arm of regular xylitol syrup use or the control arm of regular sorbitol use for 6 months. We expect to recruit 236 participants, per treatment arm, to detect a 20% relative risk reduction in AOM episodes. AOM will be identified through chart review. The secondary outcomes of URTIs and dental caries will be identified through monthly phone calls with specified questions. Ethics and dissemination Ethics approval from the Research Ethics Boards at the Hospital for Sick Children and St. Michael's Hospital has been obtained for this study and also for the TARGet Kids! research network. Results will be submitted for publication to a peer-reviewed journal and will be discussed with decision makers. trial registration number NCT03055091; Pre-results.
IntroduCtIon
Acute otitis media (AOM) is a common and costly condition in young children. 1 The annual global incidence of AOM is 700 million per year and 50% of those affected are children under the age of 5 years. 2 By age 3 years, 84% of children have had at least one episode of AOM and 46% have had three or more episodes. 3 Antibiotic treatment has only a modest effect on AOM duration 4 and does not prevent serious complications such as mastoiditis or meningitis which can rarely be fatal. 5 6 Most (>80%) children with AOM presenting for care have spontaneous symptom resolution within 3 days and the number needed to treat for antibiotic treatment to reduce symptom duration is 20 days, which must be balanced by a number needed to harm (with adverse effects of antibiotics such as diarrhoea) of 14 days. 4 The incidence of mastoiditis has not changed over time despite changes in antibiotic prescribing. [5] [6] [7] Rare sequelae of AOM include delayed strengths and limitations of this study ► This is the first pragmatic trial in Canada determining whether regular xylitol syrup use is effective in preventing acute otitis media (AOM) in children under the age of 4 years (who are most likely to have AOM). ► The trial will be conducted through the TARGet Kids! primary care research network allowing for a multicentre study performed through routine primary care visits. ► The 6 months of treatment and outcome assessment will allow the evaluation of the long-term effects of xylitol. ► A challenge for trials with AOM as an outcome is that parents may not distinguish AOM from other upper respiratory tract infections (URTIs) with similar symptoms and may not seek care; we will include both clinician-diagnosed AOM and parent-reported URTIs as separate outcomes.
Open access cognitive development, impaired communication skills and permanent hearing loss. 3 Parents of children with otitis media report missing 2-3 days of work per episode. 1 Another common and costly infectious disease among North American preschool aged children is upper respiratory tract infections (URTIs). [8] [9] [10] [11] [12] URTIs are the most common reason for emergency department visits and unscheduled outpatient visits in Canada, accounting for 10% of emergency department visits for children under 10 years of age. [13] [14] [15] URTIs are also the most common reason for unscheduled visits to a care provider and Canadian children experience 3-8 URTIs per year at a cost to the healthcare system of several hundred million dollars per year. [16] [17] [18] Nearly 30% of children aged 2-5 years have dental caries. 19 Dental caries may lead to pain, difficulty eating and speaking and can harm a child's self-esteem. 20 Treating dental caries in young children is challenging for practitioners, painful for the children and caries cost thousands of dollars to treat, with complicated caries requiring hospitalisation costing several times more (and rarely resulting in death). [21] [22] [23] [24] [25] [26] In vitro studies have shown that xylitol can reduce the attachment of bacteria that cause AOM, URTIs and dental caries such as Streptococcus pneumoniae and Haemophilus influenzae to nasopharyngeal cells. AOM occurs when the upper airway is colonised with bacteria, viruses or a combination of both that travel from the nasopharynx to the middle ear by way of the Eustachian tube. 27 A Cochrane systematic review of the safety and efficacy of xylitol in preventing AOM in children up to 12 years of age found that there is fair evidence supporting the use of xylitol for the prevention of AOM (risk ratio, 0.75; 95% CI 0.65 to 0.88 based on 3 randomised controlled trials (RCTs) from the same research group, studying 1826 children in total), but concluded that an adequately powered, well-designed trial is necessary. 28 Previous trials have not established whether regular xylitol syrup use is effective at preventing AOM in young children (<4 years) who are most likely to have AOM. Several RCTs of xylitol for the prevention of dental caries indicate that the antimicrobial effect of xylitol (which is posited to account for its efficacy in preventing AOM) increases with duration of use. [29] [30] [31] Therefore, the effect of the same dose of xylitol may be more effective at preventing AOM over the 6-month study period in the proposed study than it was in the previous trials that lasted 2 or 3 months. 32 The longer trials of xylitol for the prevention of dental caries also demonstrate that daily xylitol administration is safe, feasible and well tolerated for the 6-month study period in the proposed trial. [29] [30] [31] A pilot study of higher concentrations of xylitol syrup in young children found good compliance and tolerability. 33 In summary, regular xylitol syrup used for the 6-month study period is safe and feasible, and there is clinical equipoise over its effectiveness at preventing AOM in young children. There is no recommendation for or against the use of xylitol in the USA or in Canada. The paucity of high-quality RCTs has been cited as a reason for the lack of consistent recommendations regarding the use of xylitol in young children. 34 The primary purpose of this study is to determine if regular use of xylitol syrup effectively prevents AOM in unselected children aged 2-4 years. Such an intervention could increase the productivity of parents and caregivers, reduce serious complications and reduce the suffering of young children-each episode of AOM involves several excess hours of crying for 2-7 days. 35 This trial could change clinical practice if the results are positive. In several other countries, xylitol is recommended for the prevention of dental caries. For example, the American Academy of Pediatric Dentists recommends regular xylitol use for the prevention of dental caries based on the results of eight clinical trials. 36 However, a survey of American paediatricians found that few physicians (12%) recommend xylitol to patients and that most would either definitely (68%) or possibly (29%) recommend xylitol if there was additional evidence that it prevented AOM. MEthods And AnAlysIs study design This will be a pragmatic, blinded (participant and parents, practitioners and analyst), two-armed superiority, placebo-controlled randomised trial with 1:1 allocation, stratified by clinical site.
setting The trial will be conducted in the 11 primary care group practices currently participating in the TARGet Kids! research network (www. targetkids. ca) in Canada. There are no sites outside of Canada.
Eligibility criteria
The patients in this study are healthy children aged 2-4 years who are participants of The Applied Research Group for Kids (TARGet Kids!), the largest paediatric primary care practice-based research network in Canada focused on child health (www. targetkids. ca).
Inclusion criteria
Children aged 24-48 months at start of intervention, and parent or care provider able to give consent for participation including being able to understand the information provided in English. All children recruited to this study will also be participants in the TARGet Kids! research network.
Exclusion criteria
Craniofacial malformations, structural middle ear abnormalities, sibling or any other child living at the same address already enrolled in the trial (in order to prevent contamination), insertion of ventilation tubes prior to study period, current use of a xylitol product or reported xylitol sensitivity.
Consent
Consent will be obtained by one of two methods: 1. For participants with an upcoming scheduled health visit: an invitation to participate will be mailed to participants along with the consent form 2 weeks prior to their scheduled health visit. At the visit, a trained TARGet Kids! Research Assistant will review the eligibility criteria and the consent form with the parents/ caregivers. Research Assistants will answer any questions in person. 2. For eligible TARGet Kids! participants without a scheduled visit: an invitation to participate will be mailed to participants along with the consent form. Parents/ caregivers will have the opportunity to contact the Study Coordinator at any time (by email/phone) to answer questions. The consent form will be mailed back to the site. Any participant that no longer wishes to participate in TARGet Kids! will not be approached.
Intervention arm
Xylitol (or 'birch sugar') is a naturally occurring sugar with antibacterial properties that has been used as a natural non-sugar sweetener in chewing gums, confectionery, toothpaste and medicines. 27 38 39 The investigational agents will be provided by XLEAR, a producer of commercial xylitol products that are sold in Canada. The product specifications used for this agent is that of their syrup or 'tooth gel' products sold in 60 mL tubes. The product is approved by Health Canada as a food additive. The product has a shelf life of 2 years based on stability studies. Each tube is labelled with a best before date and a lot number on the tube crimp.
The experimental intervention is the provision of xylitol syrup (35% xylitol concentration per weight) and instructions to ingest is 3-5 times per day. Each dose will be 5 mL of 350 g/L, therefore the maximum possible daily dose will be 9 g of xylitol per day. This is the daily dose that may be effective from previous trials. 32 
Control arm
The control intervention is the provision of sorbitol syrup (looks, smells and tastes like the xylitol syrup but is not an antimicrobial). Sorbitol is unlikely to have an effect on our primary outcome of AOM or the secondary outcomes of URTIs and dental caries; therefore, it can be used as a placebo. The sorbitol syrup formulation is the same as the xylitol syrup except the concentration of sorbitol will be 30% by weight. The instructions for use are 3-5 times per day. Each dose will be 5 mL of 300 g/L of sorbitol; therefore, the maximum daily dose will be 7.5 g of sorbitol.
XLEAR will produce the investigational agents through a dedicated production run and ship the products to the research pharmacy in a timely manner. This will allow preparation and shipment of the kits for each participant prior to the intervention period.
The data coordinating centre will create master randomisation tables and send these to the research pharmacy for dispensing. The study statistician will create the master randomisation table using a computer-generated, site-stratified, block randomisation design. The research pharmacy will use the randomisation table for the dispensation of the investigational agents to each participant.
Intervention period
The treatment period will be 6 months for all participants. The intervention will be given during the winter season.
The follow-up period is identical to the treatment period, and so will also be 6 months for all participants (figure 1).
Conducting the trial during winter months will maximise the efficiency of the trial because AOM and URTI incidences are highest during that time. 40 Since xylitol is not a treatment for infections, care will be provided as normal for any suspected infections.
Premature withdrawal/discontinuation criteria Xylitol is sweet and children generally enjoy consuming it. 33 The number of missed doses in previous trials with frequent daily dosing was around 10%.
Parents will be called 2 weeks after they have been given the package to discuss any challenges with compliance, as well as during monthly follow-up calls.
Based on data from previous trials conducted in the TARGet Kids! research network and the fact that the primary outcome will be determined using a chart review, we anticipate a low (<5%) rate of being lost to follow-up in this trial where follow-up does not require any special visits for research purposes only. If a participant leaves the primary care practice, we will attempt to obtain the name of the current care provider and obtain the chart for review. If a participant has left the primary care practice and we are unable to contact the parents or caregivers, we will treat the data as missing. Despite this, the sample size calculation assumes 10% of participants will not complete follow-up.
outcome measures Primary outcome
The primary outcome of the total number of physician-diagnosed AOM episodes will be assessed by reviewing charts of the primary care provider and any other care providers reported by parents or caregiver at monthly phone calls.
Open access
Three methods for determining the diagnosis of AOM have been used in trials: clinical signs (bulging and red tympanic membrane), clinical signs with tympanometry and clinical signs with tympanocentesis. 41 In this trial, the number of AOM episodes will be assessed using both objective clinical signs of AOM recorded in the chart and a physician's diagnosis of AOM. In order to make a diagnosis of AOM for this trial, the chart must contain both the documentation of signs of AOM (eg, erythematous tympanic membrane) plus the practitioners' diagnosis that the patient had AOM. The addition of tympanometry to clinical signs does not necessarily improve the accuracy of AOM diagnosis. 42 Although tympanometry is recommended by some guidelines, it is not employed in routine clinical practice at any of the TARGet Kids! sites. Tympanocentesis is therapeutic and can prevent subsequent AOM episodes 41 so it cannot be used in this trial of AOM prevention (and it requires instruments not present in primary care sites). Four of the five previous trials of xylitol for the prevention of AOM employed clinical signs with tympanometry, and one used clinical signs to determine the number of AOM episodes. 32 Previous RCTs of AOM management in young children have relied on the diagnoses made by primary care providers (who are generally the clinicians who diagnose AOM for clinical purposes). 43 44 The studies, involving longer study periods, used chart reviews to determine the number of AOM episodes just as we will in this trial (see online supplementary appendix 1). 44 We have conducted a chart review of 1637 patients in the TARGet Kids! research network using a method similar to those in completed RCTs of AOM that involves reviewing charts for physical examination findings consistent with AOM and a diagnosis or assessment of AOM. [43] [44] [45] In all of the episodes, the physical examination findings and the diagnosis were clearly documented in the chart (the term 'AOM' was usually recorded in the assessment portion of the note), and there was perfect agreement between independent reviewers.
In addition to reviews of the patient's primary care provider medical record, the primary outcome will also include AOM episodes diagnosed by other care providers (eg, at walk-in clinics or emergency rooms). Parental consent for release of this information will be obtained, and charts will be reviewed on the end of follow-up period.
The primary analysis will be the total number of AOM episodes during the study period. We will also summarise the time to first AOM using survival curves.
A limitation of employing physician-diagnosed episodes of AOM is that parents may not seek care when their child has AOM symptoms. This limitation is addressed with the secondary outcome of parent-reported URTIs Open access (see secondary outcomes below). Another limitation of physician-diagnosed AOM is that there is variability in the diagnosis of AOM by clinicians, with one study of administrative data indicating that some clinicians diagnose AOM twice as often as others. 41 46 47 Since the clinicians will be blinded to the allocated group, differences in clinical assessment will not bias the results. If there is a substantial number of incorrect physician diagnosed episodes of AOM (false positives), there results will be biased against the efficacy of xylitol.
Note that our sample size calculation incorporates the incidence of AOM in the TARGet Kids! study population and so it takes into consideration the rate of AOM diagnosis by the same clinicians who will diagnose AOM in these study participants.
Secondary outcomes
The secondary outcome parent-reported URTI episodes will be assessed during monthly phone calls. A challenge in all trials that employ AOM as an outcome is the combined effect of two factors: (1) parents often decide not to seek care when a child has symptoms that may indicate AOM and (2) parents cannot distinguish between AOM and other URTIs because the symptoms are similar. We will address this challenge with our secondary outcome: parent-reported URTIs, a very common and costly (in aggregate) condition in early childhood. 17 48 The previous shorter (2-3 months) trials of xylitol found a non-significant trend towards fewer URTI episodes in children receiving xylitol. 32 A cohort study of children aged 2 months to 12 years receiving care at Toronto primary care sites found that medical consultation was sought in only 56% of episodes of URTI symptoms. 49 This is not surprising given that guidelines recommend against antibiotics for AOM and other URTIs in many cases. As many parents are aware of this recommendation from previous clinic visits, they may decide to treat children with analgesics and antipyretics without seeking care even if they believe the child has an AOM. 50 Thus, information about the total number of URTI episodes must be obtained directly from parents and caregivers as it will not be found in a patient's medical record even if it includes records from all institutions and clinics.
Parents may not diagnose AOM accurately based on symptoms because they overlap substantially with symptoms of URTIs. 51 Irritability and crying are the most common symptoms in AOM and URTI episodes. 52 Forty per cent of children with AOM do not have an ear ache and 31% do not have a fever, 51 while 72% of children without AOM exhibit symptoms of AOM (crying, fever or ear ache). 52 Like previous studies, we will employ structured telephone interviews to assess the number of URTI episodes. [53] [54] [55] Parents or caregivers will be contacted every month and asked to report the number of URTIs the child has experienced since the last call (or since the beginning of the trial for the first call) using validated questions (see online supplementary appendix 1). 55 We will employ the symptoms in the Canadian Acute Respiratory Illness and Influenza scale that has been validated in this population. 56 The secondary outcome, parent-reported dental caries, will also be assessed during the monthly phone calls. Parents or caregivers will be asked if they have been informed by a dentist or a physician that their child has or has had at least one or more dental caries (see online supplementary appendix 1). This question has been used and validated in several epidemiological studies. [57] [58] [59] [60] The dental caries secondary outcome will be binary (at least one vs none). Those with caries at baseline will be excluded from this analysis but included in all other analyses.
Other measures
Health economics measures will be collected for an economic evaluation. We will compare the cost-effectiveness of the xylitol syrup against the control group using the net benefit regression framework from the perspective of the parents (who will be the payer for the syrup). 61 Costs will include costs incurred to the parents or caregivers such as their usual mode of transportation for attending medical appointments (collected during an extended phone call at the 4-month call). 61 The parent or caregiver hours of productivity (including employment) lost due to the child's AOM episodes (including, eg, the days the child could not attend daycare) will also be assessed during the monthly calls. The use of net benefit regression allows the economic evaluation to be conducted using regression methods (adjusting for potential confounders). The main outcome of the economic evaluation will be an incremental net benefit of xylitol syrup (in terms of cost and number of physician-diagnosed AOM episodes) compared with control. In addition, we will estimate incremental cost-effectiveness ratios (eg, an incremental cost per one physician-diagnosed AOM episode avoided and an incremental cost per one URTI episode avoided). Statistical uncertainty will be characterised using a 95% CI and cost-effectiveness acceptability curves. 62 Compliance (reported number of doses given per week) will be assessed during the monthly calls and by tallying the number of returned doses at the end of the study.
sample size rationale We used the results of three previous RCTs of xylitol for the prevention of AOM and data from participants in the TARGet Kids! research network to estimate the sample size.
In a chart review of TARGet Kids! research network participants, we found a comparable event rate as the control groups in the trials above: 670 episodes of AOM in 1637 patients (41%) over a 3-month period (0.14 AOM episodes per patient-month).
Open access
Since the data currently available suggest that the AOM rate is about 1.6 episodes per patient-year, we will somewhat conservatively assume a control event rate of 1.5. We will aim to detect a relative risk of 0.8 (ie, relative risk reduction (RRR) of 20%) with 80% power and alpha=0.05 (two-sided). A 20% RRR was chosen based on previous surveys of reasons physicians do not currently recommend xylitol and the RRR used in previous trials. 32 37 The sample size calculations assumed a Poisson distribution for the number of AOM episodes and were based on the asymptotic distribution of the likelihood ratio test statistic. Calculations were performed in R (V.2.15.3) using the asypow package and power was confirmed via 10 000 simulations. The required sample size is 236 per group. (Note that while the number of participants is less than one of the previous trials, 63 the mean treatment and follow-up period in our study will be longer.) The above calculations take into consideration non-compliance and a loss to follow-up of 10% of participants only completing 50% of the follow-up period. These calculations assume there will be no substantial contamination. While xylitol preparations are commercially available, the dose of xylitol is less than one-tenth the dose found in trials to be effective at preventing AOM. A survey of TARGet Kids! participants showed that xylitol use is rare (<5%). Siblings of those already enrolled in the trial will be excluded since contamination would be likely if two members of the family are enrolled and allocated to different arms.
We expect to recruit 40 participants per month. Thus, sufficient patients will be recruited during two calendar years for the intervention to take place over two winter seasons. A previous RCT in the TARGet Kids! research network with similar inclusion criteria, exclusion criteria and recruitment strategy successfully recruited >66 children each month for 2 years when the network was smaller. 64 Parents of children who are participating in the TARGet Kids! research network's longitudinal study will be approached by research assistants regarding this RCT during routine primary care visits throughout the year. Randomisation will take place just before the intervention begins so the small number of patients who are recruited but leave the practice before the intervention period will not be randomised.
We will determine if xylitol is more effective in younger children (aged 24-36 months vs >36 months at time of recruitment).
statistical analysis
The primary analysis will be performed based on the intention-to-treat population. The primary outcome will be analysed with a Poisson regression model. To account for participants who do not complete the entire planned follow-up and slight variations in the observation time for completers, the logarithm of follow-up time will be added as an offset term to the model. The treatment effect, expressed as a rate ratio (relative risk), and 95% CI will be obtained from the model. A secondary analysis will adjust for characteristics with an imbalance between groups at baseline. Patient demographics will be summarised descriptively (eg, means and SD or median and IQR for continuous variables and frequency and percentages for categorical). Although randomisation guarantees balance in the long-run, there is a chance of imbalances in any sample. The demographics will be reviewed for clinically important imbalances that may be adjusted for in a secondary analysis. The secondary outcomes, number of URTI episodes and dental caries, will be analysed similarly to the primary outcome.
safety analysis A data safety monitoring board is not necessary because xylitol has been demonstrated to be safe in previous trials for the prevention of AOM and dental caries, and the maximum possible efficacy can be estimated from previous trials. We therefore do not anticipate any reason to stop the trial early.
Xylitol can rarely cause osmotic diarrhoea and abdominal discomfort. In previous trials, approximately 1% of children exposed to xylitol experienced diarrhoea and slightly <1% of children exposed to control substances (eg, sorbitol) experienced diarrhoea (difference not statistically significant). 45 The vast majority of children, including those aged 2-4 years, are able to tolerate total daily doses of 45 g of xylitol without significant gastrointestinal side effects. 32 35 The maximum total daily dose of xylitol in this trial will be 10 g/day.
In previous trials, a total of >1000 children were exposed to various formulations of xylitol or control substances and there were no reported episodes of choking or aspiration. The control intervention is the provision of sorbitol syrup which can cause diarrhoea but at similar rates as xylitol. 65 Despite this, the consent form will alert parents to the potential of diarrhoea.
Adverse events
All adverse events will be reported to the Hospital for Sick Children or St. Michael's Hospital Research Ethics Board according to their adverse event reporting requirements. All adverse drug reactions to the study medication will be reported to Health Canada within 15 calendar days or for death or life-threatening events, within 7 calendar days. In the latter case, a follow-up report must be filed within 8 calendar days. Serious adverse events and serious unexpected adverse events will be reported to the Natural and Non-prescription Health Products Directorate in an expedited manner.
To maintain the overall quality of the trial, unblinding will only be performed in exceptional circumstances when knowledge of the actual treatment is essential for management of the patient. If unblinding is deemed to be necessary by the investigator, the investigator will contact the coordinating centre by telephone to ascertain the allocation group and communicate this to the participant's clinician and caregiver. The research staff will not be informed of the allocation group. Unblinding will not necessarily be a reason for discontinuation or exclusion from the analysis.
Open access

Management
The Applied Health Research Centre will be responsible for trial data coordination, database development, data management and statistical analysis. Study data and patient surveys will be entered and maintained on a secure password protected database developed using REDCap (www. project-redcap. org) and will be accessible via the internet for data entry purposes. Quality and completeness of data entry will be reviewed as soon as possible after data entry, within 5 business days of data entry for the first 5 participants randomised at each site, and within 15 days of data entry thereafter. Corrections or changes in REDCap are tracked with the retention of the original data and the corrected data with the date of data entry and submitting personnel.
Patient and public involvement
Patients were not directly involved in the development of the research question or the design of the study. A written summary of the study results will be sent to participants by email or by mail. The burden of the intervention on patients was not assessed prior to the start of the trial.
Ethics and dissemination
The results of the study will be submitted for publication to a peer-reviewed journal and will be discussed by policy and decision makers. suMMAry In summary, AOM, URTIs and dental caries are common and costly conditions in young children that might be prevented by regular xylitol use. Existing evidence indicates clinical equipoise on the efficacy of xylitol syrup in preventing AOM, URTIs and dental caries in preschool aged children. Evidence from previous long-term trials of xylitol for the prevention of dental caries has demonstrated that the intervention is well tolerated and feasible in this age group. The TARGet Kids! research network has a demonstrated record of conducting RCTs in young children and its existing research infrastructure will be mobilised to ensure that this trial will be completed efficiently and on schedule.
AOM and URTIs are commonly viewed as unavoidable during early childhood. This trial has the potential to transform the approach to these three common conditions.
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